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ABSTRACT
A prospective study of throat cultures and max-
illary sinus aspirates from children with chronic
sinusitis (n = 21), acute sinusitis (n = 28) or a
clinical diagnosis of chronic adenoiditis (n = 41)
was performed. Seventy-two bacterial pathogens
were isolated from sinus aspirates from 52% of
the study population. Haemophilus inﬂuenzae was
most common pathogen, followed by Moraxella
catarrhalis, Streptococcus pneumoniae, Staphylococcus
aureus, and group A streptococci. Quantitative
throat cultures had positive predictive values of
41%, 53% and 75% for H. inﬂuenzae, Strep.
pneumoniae and M. catarrhalis, respectively, while
negative predictive values were 93–98%, indica-
ting that these three pathogens do not cause
sinusitis when absent from the throat.
Keywords Children, Haemophilus inﬂuenzae, Moraxella
catarrhalis, sinusitis, Streptococcus pneumoniae, throat
cultures
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Sinusitis is a common complication of upper
respiratory tract virus infection and allergic inﬂam-
mation [1]. Sinus cavity aspiration is the most
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reliable method of determining the aetiology of
sinusitis, although this is invasive and difﬁcult to
perform, particularly in children. In acute bacterial
sinusitis, Streptococcus pneumoniae, Haemophilus
inﬂuenzae, Moraxella catarrhalis, Staphylococcus
aureus and viridans streptococci are the predom-
inant organisms [2–4]. In chronic sinusitis, anaer-
obic bacteria and S. aureus are thought to
predominate, although no or few anaerobes may
be identiﬁed [5]. The present prospective study
was undertaken to evaluate the microbiology of
sinusitis and to determine whether a correlation
exists between isolates obtained from sinuses and
those from throat culture.
The study included 90 children (aged 2–
9 years; 62% male) who received surgery for
adenoid hypertrophy at Marmara University
Hospital during a 2-year period. They were
diagnosed with chronic sinusitis (n = 21), acute
sinusitis (n = 28) or chronic tonsillitis and ⁄ or
adenoiditis without sinusitis (n = 41). Informed
consent was obtained from parents. Sinusitis was
diagnosed by the presence of two major criteria
(purulent nasal discharge, purulent pharyngeal
discharge and cough) or one major plus one
minor criterion (periorbital oedema, facial pain,
tooth pain, earache, sore throat, wheezing ⁄ snor-
ing, headache, foul breath, fever) [6]. The diag-
nosis of chronic adenoiditis was made on clinical
grounds alone [7].
Throat swabs were obtained on the day of
surgery and maxillary sinus aspirates were
obtained during surgery. Throat swabs were
suspended in 1 mL of sterile saline and diluted
serially to 10)5. Undiluted and diluted specimens
were inoculated on to Columbia agar (bio-
Me´rieux, Marcy l’Etoile, France) and Polyvitex
chocolate agar (bioMe´rieux) with a 0.01-mL cal-
ibrated loop and incubated in CO2 5% v ⁄ v at 35C
for 24 h. Sinus aspirates were also inoculated both
qualitatively and quantitatively on to the above
media. Additionally, sinus aspirates were inocu-
lated on to Schaedler agar (bioMe´rieux) and
incubated at 35C for 48 h in an anaerobic GEN
box (bioMe´rieux) to detect anaerobes. Colonies
from each plate were tested for aerotolerance.
Primary plates were incubated for a further
5 days to detect slow-growing organisms. Isolates
were identiﬁed by conventional methods [8].
Antibiotic susceptibility testing of H. inﬂuenzae,
M. catarrhalis and Strep. pneumoniae was per-
formed by disk diffusion. Penicillin susceptibility
in Strep. pneumoniae was tested by Etest (AB
Biodisk, Solna, Sweden). Nitroceﬁn was used to
detect b-lactamase production in H. inﬂuenzae and
M. catarrhalis.
Sinus aspirates from 31 (63%) of 49 patients
with sinusitis in addition to chronic tonsillitis
and ⁄ or chronic adenoiditis yielded growth,
whereas 16 (39%) sinus aspirates from 41 patients
with chronic tonsillitis and ⁄ or adenoiditis with-
out sinusitis were positive. The following combi-
nations of clinical symptoms correlated
signiﬁcantly (p < 0.05) with positive sinus aspir-
ates by Fisher’s Exact Test (GraphPad InStat
v. 2003; GraphPad Software, San Diego, CA,
USA): coughing plus wheezing ⁄ snoring; purulent
nasal discharge plus wheezing ⁄ snoring; and
purulent pharyngeal discharge plus headache
(Table 1).
Positive sinus aspirates (n = 47) yielded 72
isolates; 27 (57%) yielded a single pathogen. The
predominant isolates were H. inﬂuenzae (40%),
M. catarrhalis (34%), Strep. pneumoniae (26%) and
Staph. aureus (17%). In three (6%) cases, anaerobic
bacteria caused mixed infection. A further three
(6%) cases yielded a group A streptococcus,
which was the sole isolate from one patient. The
predominant anaerobic isolates were Prevotella
spp., Porphyromonas spp. and Peptostreptococcus
spp. Among sinus isolates, b-lactamase was pro-
duced by 16% of H. inﬂuenzae isolates and 70% of
M. catarrhalis isolates. No Strep. pneumoniae iso-
lates with high-level penicillin resistance were
detected, although 17% had intermediate resist-
ance.
When throat cultures yielded H. inﬂuenzae,
Strep. pneumoniae and M. catarrhalis at
‡ 102 CFU ⁄mL, positive sinus aspirates were
recorded in 95%, 75% and 71% of cases, respect-
Table 1. Correlation between major and minor clinical






(n = 18) p value
Coughing + PND 21 12 1.00
Coughing + PPD 16 12 0.38
PND + PPD 13 10 0.39
Coughing + headache 12 9 0.55
Coughing + snoring 26 9 0.01
PND + headache 9 7 0.53
PND + snoring 24 7 0.01
PPD + headache 5 8 0.04
PPD + snoring 18 7 0.24
PND, purulent nasal discharge; PPD, purulent pharyngeal discharge.
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ively, giving positive predictive values of 41%,
53% and 75%, respectively (Table 2). Negative
predictive values of throat cultures for positive
sinus aspirates were 93–98%. These values were
altered minimally by increasing the cut-off ﬁgure
to ‡ 105 CFU ⁄mL.
The major clinical problem when considering a
diagnosis of sinusitis is the differentiation of
uncomplicated upper respiratory tract infection
from a secondary bacterial infection of the
sinuses. Transillumination, radiographic ﬁndings
and sinus aspiration can conﬁrm clinically diag-
nosed sinusitis. However, routine use of X-rays to
diagnose uncomplicated sinusitis is not recom-
mended for children. Upper respiratory tract
infections, including sinusitis, are a leading cause
of antibiotic overuse; thus, knowledge of the
aetiology of sinusitis is important, since clinical
symptoms may be varied, particularly in cases of
chronic sinusitis [9,10]. The reference test, sinus
puncture, cannot be used routinely; therefore,
new strategies are needed [11,12].
In the present study, the correlation between
the results of throat and sinus cultures in children
was not sufﬁcient to allow throat culture to be
recommended for the bacteriological documenta-
tion of sinusitis. Similarly, Wald et al. [13] could
not ﬁnd a correlation between throat, nasopha-
ryngeal and sinus aspirates, and Orobello et al.
[14] demonstrated only a 45% correlation
between maxillary sinus and nasopharyngeal
cultures. Sener et al. [15] reached a similar con-
clusion when comparing maxillary sinus cultures
with nasopharyngeal and throat cultures. The
present study found that the positive predictive
value of M. catarrhalis colonisation (75%) was
higher than that of the other potential pathogens,
but was not sufﬁcient to predict the aetiology of
sinusitis. In the studies mentioned above, com-
parisons were based on qualitative evaluation
only, although neither qualitative nor quantitative
cultures could be used for accurate prediction of
the aetiology of sinusitis in the present study.
Only a clinical diagnosis based on combinations
of one major and one minor clinical symptom
correlated with growth of sinus cultures. In
contrast, negative predictive values were
93–98%, indicating that bacteria which do not
colonise the throat cannot be the cause of sinus-
itis. Gehanno et al. [16] have reported that naso-
pharyngeal cultures have a low positive
predictive value for middle ear ﬂuid cultures,
but a markedly higher negative predictive value.
Patients diagnosed clinically with chronic adenoi-
ditis without sinusitis should be evaluated more
carefully for accompanying sinusitis, as 39%
yielded bacterial growth from sinus aspirates.
H. inﬂuenzae, Strep. pneumoniae and M. catarrhalis
were the most common microorganisms isolated
from sinus aspirates, and were susceptible to
most of the antibiotics used commonly in the
treatment of sinusitis [17,18].
Finally, it should be noted that the present
study was performed in a university hospital and
was based on sinus puncture in children. There-
fore, these ﬁndings may be more applicable when
sinusitis is complicated or unresponsive to treat-
ment.
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Table 2. Correlation between quantitative throat culture
of Haemophilus inﬂuenzae, Streptococcus pneumoniae, Morax-
ella catarrhalis and sinus aspirate culture
Throat colonisation


















Positive 18 (95) 26 (37) 9 (75) 8 (10) 12 (71) 4 (5)
Negative 1 (5) 45 (63) 3 (25) 70 (90) 5 (29) 69 (95)
Total 19 71 12 78 17 73
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ABSTRACT
The role of Legionella spp. in the aetiology of acute
respiratory infections (ARIs) is largely unknown.
In this case-control study, conducted in a general
practitioner setting during 2000 and 2001, nose
and throat samples from patients presenting with
ARIs (n = 230) and controls (n = 200) were ana-
lysed for the presence of Legionella spp. by real-
time PCR. Legionella DNA was not detected in any
of the cases or controls. Thus, Legionella spp. do
not seem to play a role in patients presenting with
ARIs, nor were they present in patients who
visited their general practitioner for complaints
other than ARIs.
Keywords Acute respiratory infections, general prac-
tice, Legionella spp., real-time PCR, respiratory tract
infection
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Legionella spp. are an important cause of commu-
nity-acquired and nosocomial pneumonia. Since
the ﬁrst description of Legionella pneumophila,
more than 40 species of Legionella have been
identiﬁed, approximately half of which have been
isolated from patients [1]. Infection with Legionella
spp. can present as a severe pneumonia, with or
without multisystem disease and high mortality,
but can also present as a self-limiting inﬂuenza-
like illness. Many individuals who seroconvert to
Legionella are entirely asymptomatic [1,2].
Acute respiratory infections (ARIs) are a major
cause of morbidity and mortality worldwide.
Various infectious agents, especially viruses, have
been associated with clinical syndromes ranging
from mild disease, such as the common cold, to
more severe conditions, such as pneumonia.
However, no aetiological agent is found in a large
percentage of cases [3]. Although ARIs are very
common, there is only one report on the preval-
ence of Legionella spp. as a cause of community-
acquired infections in general practice [4]. This
may be because the diagnosis is not considered,
existing diagnostic tests are insensitive, or legio-
nellosis is distributed unevenly across the world.
In The Netherlands, c. 200 cases of severe legio-
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